identification of the prognostic factors is needed to improve therapies.
Till now, many preoperative and postoperative prognostic factors of UTUC have been indicated, 5, 6 such as lymphovascular invasion (LVI), tumor stage, tumor grade, tumor size, and lymph node invasion, 7, 8 which can be used to predict prognosis and adapt the treatment for the patients of UTUC. However, there are limited data about preoperative prognostic factor in UTUC. Recently, amounting evidence has suggested that patients' nutritional and immunologic conditions could influence the postoperative outcomes of malignant tumors, like breast cancer, 9 nonsmall cell lung cancer, 10 and colorectal cancer.
11
The prognostic nutritional index (PNI), which was calculated based on serum albumin levels and total lymphocyte count, was first reported by Buzby and colleagues in 1980. 12 To date, many studies have proved that PNI is a significant indicator for prognosis in patients with several malignancies, but the prognostic value of PNI has been poorly investigated in UTUC. Therefore, our study was designed to identify the impact of PNI on the survival and pathologic outcomes of patients with UTUC after RNU.
| PATIENTS AND METHODS

| Patient selection
A total of 806 patients with UTUC who underwent RNU from our institution were retrieved between January 2003 and December 2016. Patients with missing PNI data (n = 23), history of receiving preoperative chemotherapy or radiotherapy (n = 21), presence of inflammatory condition (n = 17), as well as those who were withdrawn within 3 months (n = 28) were excluded. Finally, 717 patients were included in the analyses. RNU was performed as standard procedure including the dissection of kidney with the entire part of ureter, and the bladder cuff resection. Lymphadenectomy was performed in the patients with enlarged lymph nodes which were indicated by preoperative radiology or intraoperative inspection.
| Clinical and pathologic evaluation
Clinical features including patients' age, gender, surgical approach, smoking history, hydronephrosis, tumor size, and tumor side. Tumor stage was evaluated by the TNM classification system 13 and tumor grade was assessed on the basis of the 1998 WHO consensus classification. 14 LVI, multifocality, tumor architecture, and surgical margin status were reported by experienced urologic pathologists. The PNI data were extracted through the laboratory examination reports before surgery, which was calculated as 10 × serum albumin level (g/dL) + 0.005 × total lymphocyte count (per mm 3 ). 15 
| Follow-up
Patients were assessed every 3 months for the first year and every 6 months for the second and third year after RNU. Then annually thereafter. Routine check-ups included blood laboratory tests (blood routine examination, liver, and renal functions examination), medical history, cystoscopy, and imaging (chest/abdomen CT/MRI, carried out every year or if clinically indicated). Duration of follow-up ranged from the date of operation to the latest follow-up or death, which was defined as cancer related to the tumor or not. 
| Statistical analysis
| RESULTS
| Characteristics of included patients
The characteristics of patients with UTUC in our study are presented in Table 1 . Of all the 717 patients included, 298 were in PNI <46.91 group and 419 were in PNI ≥46.91 group. The cutoff of 46.91 was calculated by using the ROC curves ( Figure 1 
| Low PNI (<46.91) independently predicted poor OS, RFS, and CSS
| Low PNI and OS
During the follow-up, 260 patients (36.3%) died of all causes, and the 3-year and 5-year OS were 70.8% and 63.3% for the high PNI group, as well as 53.8% and 40.6% for the low PNI group, respectively. Kaplan-Meier survival analysis suggested that patients with low PNI had worse OS compared to those with high PNI (log-rank test, P < 0.001) ( Figure 2 ). Subsequently, our univariable analysis showed that patients with low PNI were statistically significantly correlated with worse OS (HR = 1.90, P < 0.001; Table 2 ). Meanwhile, multivariable analysis revealed that low PNI was a significant indicator of worse OS (HR = 1.78, P < 0.001; Table 3 ).
| Low PNI and RFS
The 3-year and 5-year RFS were 63.0% and 55.2% for the high PNI group, and 46.6% and 39.1% for the low PNI group, respectively. The Kaplan-Meier curve proved that the rate of disease recurrence was higher in the low PNI group than that in the high PNI group (P < 0.001) ( Figure  2 ). Moreover, univariable Cox regression analysis suggested that low PNI was significantly associated with the higher rate of disease recurrence (HR = 1.64, P < 0.001; Table 2 ). Low PNI was also indicated as a significant indicator of poor RFS through the multivariable Cox regression analysis (HR = 1.55, P < 0.001; Table 3 ).
| Low PNI and CSS
A total of 209 patients (29.1%) died from cancer during follow-up, and 3-year and 5-year CSS were 58.4% and 48.3% for the low PNI group and 75.5% and 68.1% for the high PNI group, respectively. Patients with low PNI had a significant worse CSS rate (P < 0.001) compared to the patients with high PNI according to the Kaplan-Meier survival curve (Figure 2 ). Univariable analysis revealed that low PNI was significantly correlated with unfavorable CSS (HR = 2.01, P < 0.001). At the same time, multivariable analysis showed low PNI was a significant prognostic factor for poorer CSS (HR = 1.85, P < 0.001; Table 2 ). Furthermore, our analysis also suggested that high tumor grade, tumor stage of T3 or T4, lymph node invasion, CVH, tumor size ≥3 cm, and sessile carcinoma also correlated with poor OS, RFS, and CSS (all P < 0.05; Table 3 ).
| DISCUSSION
In our study, we found that PNI was a significant predictor for worse pathologic and oncologic outcomes in patients with UTUC. Comparing with the patients with high PNI, those with low PNI had decreased OS, RFS, and CSS. In the multivariable analysis, we found that PNI was an independent prognostic factor for OS, RFS, and CSS in UTUC.
PNI was first performed as a predictive indicator by Buzby and colleagues, 12 who reported a complex formula as: PNI = 158-0.78 × triceps skinfold (mm) -16.6 × albumin (g/100 mL) -5.8 × cutaneous delayed hypersensitivity -0.20 × transferrin (mg/100 mL). In contrast, Onodera and coworkers 15 calculated the PNI based on the total lymphocyte count and the serum albumin levels, which were more easily assessable. In our study, we used the latter method, and the
F I G U R E 1 ROC curve of PNI of RFS in patients with UTUC
and the cutoff of PNI was 46.91, with a sensitivity of 63% and a specificity of 52.6%
F I G U R E 2 Kaplan-Meier curves for OS (A), RFS (B)
, and CSS (C) which were performed according to PNI value for UTUC patients after RNU ROC curve analysis suggested the cutoff value of PNI was 46.91. When the PNI was 46.91, the specificity and sensitivity for the 5-year CSS were 52.6% and 63.0%, respectively. PNI, a combination of serum albumin and lymphocyte count, has been reported as a useful predictor in several malignancies (eg. Lung cancer, 10 breast cancer, 9 colorectal cancer, 11 and renal cell carcinoma 18 ). To date, we found that only a single study, which was conducted by Huang et al in 2017, 19 had reported the prognostic value of PNI in UTUC.
T A B L E 2 Univariable Cox regression analyses of survival outcomes in patients with UTUC
Four hundred and twenty-five patients were included in their study and the results showed that PNI was a useful independent predictor for patients with UTUCs, which was consistent with our findings. In our analysis, we had a larger sample size and included more indicators, which was helpful for risk prediction in UTUCs.
Recently, a growing body of literature revealed that cancer-related malnutrition had a negative influence on treatment outcomes, prognosis, and survival. 20, 21 It is widely accepted that malnutrition takes a very important place in immune system, but malnutrition influences the immune functions which are fundamental to prevent infection or cancer through the cell-mediated mechanism or other immune pathways.
22,23
Many studies have showed that preoperative malnutrition has a negative effect on the survival outcomes in patients with urologic carcinomas, 20, 24 but few studies are performed to investigate the influence in UTUCs. 25, 26 The PNI could be calculated by serum albumin level and lymphocyte count, both of which were routinely assessed and can be easily obtained by urologists before surgery. It is well accepted that lymphocyte plays an important role in cell-mediated immunity in several cancers. As a result, the lymphocyte count could be a predictor of the survival. Serum albumin is also a simple marker for estimating the protein levels, which is usually used as a predictor of nutritional status. Gupta and colleagues 27 investigated the connection between the serum albumin level and the treatment outcomes of patients with various cancers. Therefore, serum albumin levels are useful prognostic factors in malignant tumors. In our study, the cutoff of PNI was calculated by the ROC curve analysis, and the mean value of PNI was lower than that in patients with renal cell carcinoma (RCC) 18 and gastric obstruction may be the main reasons. As for the malnutrition in RCC is less common than that in UTUC, the age with the peak incidence in patients with UTUC is older than those with RCC might account for this. In addition to PNI, the tumor stage, grade, size, architecture, variant histology, and lymph node invasion are proved as independent predictors in UTUC. Many of them have been recommended as prognostic factors by European Association of Urology guidelines and used for risk stratification except PNI. 1 It may be because there are scarce studies concerning the prognostic value of PNI in UTUC. Even though the pathologic indicators, such as tumor stage, sessile carcinoma, positive lymph node, and CVH have higher HR than PNI, they just could be obtained via invasive therapy or after surgery. Conversely, we can calculate the PNI easily and rapidly from the preoperative laboratory examination results. Meanwhile, the blood test is cheaper than image examination, which could be used to estimate the tumor size. In addition, if the PNI could be recommended as a useful clinical reference, preoperative therapy such as neoadjuvant chemotherapy could be adopted to improve the outcomes. Therefore, we conducted this study to identify the independent predictors in UTUC, trying to provide more evidence for the risk stratification in UTUC.
A few limitations of our study should be noticed. First, it was a retrospective single center study, so the selection and information bias might not be avoided. Besides, some specific inflammatory indicator like cytokines and CRP were not routinely tested for the patients with UTUC, so we could not estimate their prognostic value. Furthermore, more high-quality studies with long follow-up time are still needed to provide more evidences for the prognostic value of PNI in patients with UTUC.
| CONCLUSION
In conclusion, patients with low PNI had worse OS, CSS, and RFS. PNI is an independent predictor of oncologic outcomes in patients with localized UTUC after RNU. Therefore, we recommended that PNI could be incorporated in the traditional prognostic model, as an important predictor for the patients with UTUC.
